JtiiYSiOLOGiCAL changes accompany both emotional episodes and exposures to physical stressors. Cannon 3 and Selye 35 in particular called attention to the general response pattern of sympathico-adrenal activation elicited by all stressors. In addition to this generalized stress, different stressors also involve specific compensatory adjustments. 11 Many investigators have felt that emotional stimuli also elicit the physiological stress response, but, in addition, that each emotion is accompanied by physiological adjustments that are specific to the emotion. 1 ' 2i 8~10 ' 21> 88 In any case, the net physiological pattern that accompanies emotions and exposure to stressors is the dynamic resultant of complex motor-symProm the Psychiatric and Psychosomatic Research Laboratory, Veterans Administration Hospital, and Baylor University, College of Medicine, and the University of Houston, Houston, Tex.
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Received for publication Nov. 8, 19G5. pathetic-parasympathetic-hormonal interaction. 8 - 10 Part of the difficulty in clarifying these complex interrelationships results from the fact that the activity level within any given pattern may vary over a wide range.
Discrimination of an anger physiology, an anxiety physiology, and so on, is complicated by the fact that the feeling component of an emotion can vary from mild to intense, but whether the accompanying physiological component varies in a like fashion is uncertain (i.e., whether stimuli eliciting emotions also elicit the physiological response directly, or whether the resulting feeling elicits it). Until such is known, we cannot determine whether a given physiological pattern is qualitatively or merely quantitatively related to an emotion. Differences may arise because one emotion is identified with physiological activation at one level while another emotion is identified with a higher or lower level; 795 or because one but not another is associated with motor activity, and so on. Mitchell et al. iS have shown that the responses to anticipated exercise and exercise per se are qualitatively identical, varying only in amplitudes. Thus, emotions involving an urge or compulsion for motor activity (irrespective of whether overt action ensues) should differ at least in this respect from emotions which involve no motor urge or compulsion. In other respects, perhaps the physiological component of an emotion is essentially nonspecific relative to active feeling components, as has been suggested by Hunt et al. 16 and by Schachter and Singer. 34 This simplifying assumption would permit independent appraisal of one of the separate components of an over-all emotional response. Such an appraisal was made in the experiment reported below, in which the physiological pattern resulting during anticipation of exposure to a severe stressor was compared with that resulting during the actual exposure. 2 
Methods and Material

Subjects
Volunteer Caucasian Air Force enlisted personnel (representing a very wide geographic background) were tested during the climatically moderate month of April, approximately 2 months after starting training at Lackland Air Force Base. All lived in the same barracks, and their aaes (19.7 years, S.D. 2.2), educational level, daily activities, diet, sleep, etc.. were verv similar. These homogeneous subjects would be expected to have moderate a"xiety-trait levels 4 since thev h^d nassed thorough exacting mental and phvsical examinations and then had succeeded in a period of very str°nuous training.
Procedure
A stressor of well-known parameters (reduced barometric pressure) that was adequate to produce undeniable stress in all subjects was used. The subjects had never been exposed to a similar situation. Measures made after dinner in the barracks on the night before the stress permitted a crude judgment of anxiety-trait level; a prestress period permitted physiological evaluation of anticipatory (anxiety-state) levels, and finally the stressor permitted us to determine whether the two physiological responses (i.e., anticipation and stress) were similar.
Elaborate efforts were made to prevent the subjects from developing fear of the stressor but at the same time to enhance their anxiety about it. These efforts included: (1) three thorough explanations of the test-at the time the subjects volunteered, and again on the night preceding and then just before the prestress tests commenced; (2) a prestress physical examination; (3) a vivid description of the expected altitude effects; (4) demonstration of the several safety measures, including the air lock for emergency "descent" and oxygen masks and regulators at each seat; (5) presence of a phvsician, three scientists, and several lab technicians obviously in constant and concerned attendance (6) presence of four altitude chamber technicians inside the chamber at all times; and (7) several assurances that, although the stressor was auite DOtent. there would be no dangeronlv discomfort.
All the selectees, members of the same smart militarv unit, were highly motivated. The esprit de corps and the desire to succeed were hieh. They were enhanced by urging all airmen to complete the test if at all possible, and, subtly, bv calling special attention to the safety devices and escape route which were so placed that a subject's choice to "escape" would be evident to all.
Six davs were reauired to test the 122 airmen. Twenty-one became sick during the test and 10 of them were unable to complete it. The data from 17 others were excluded from the analysis due to missine items. To maintain uniform nrocedures from day to day, a member of the Physiology Branch, USAF School of Aerospace Medicine, snent each nieht at the barracks, thoroughly briefing the subjects to be tested on the next day, securing a carefully timed 7-hr, overnight (2200-0500) urine sample, ensuring that all subjects retired at the same time, etc. Immediately betore the prestress period the subjects were weighed (mean weight, 159.4 lb., S.D., 2.4) and given a brief physical examination, and the experimental procedures were explained again as outlined below. Precisely at 0710 the subjects entered the altitude chamber for the anticipation, prestress testing which was performed at near-sea-level-pressure (750 mm. Hg). Fruit juice was served at 0820 in lieu of breakfast. At 0830 the pressure in the chamber was reduced steadily over a 15-min. period to 429 mm. Hg (simulating a 15,000-ft. altitude). An hour later, the pressure was increased to 446 mm. Hg (simulating 14,000 ft.) and held constant for an additional hour; finally the chamber was returned to ground level over a 20-min. period. During the exposure, brief inhalations of oxygen were permitted once or twice to forestall nausea.
Measures
Timed 3.5-hr, urine samples (taken at 0500-0830 and 0830-1200), and blood samples (taken at 0800 and 1200) were obtained, and physiological, perceptual, eyehand motor coordination, and primary mental abilities were measured 29 - 30 near the end of each period. The latter were corrected for practice effects with the use of data obtained from a separate group of 52 selectees tested in as similar a manner as possible except that they did not go to altitude. Of the 71 variables measured only 7 failed to show significant altitude-induced mean changes, which clearly established that the factors of duration and intensity of the stressor were effective, i.e., were much greater than the anticipatory effects. Chemical tests pertinent to this report were determinations of levels of epinephrine and norepinephrine, 7 total 17-hydroxycorticosteroids (/3-glucuronidase hydrolysis) in serum 3 -and in urine, 36 sodium and potassium (flame spectroscopy), uric acid, 17 and creatine. 5 
Statistical Analysis
Pearson's product-moment correlation coefficients of the anticipatory and several stress variables (i.e., 1-hr, stress and 1-hr.
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poststress pulse rates and the change scores of the psychological tests) were factored lfl by the principal axis method with unities in the diagonal. Twenty-two factors having associated eigen values above unity and accounting for 80% of the total variance were extracted from the 71-variable matrix. These factor loadings were rotated by the normalized varimax procedure. Orthogonal factor scores were computed for each factor using the matrix inverse and all variables for determination of the ^-weights.
Hypothesis
The specific hypothesis being tested was that during anticipation of stress there would be a constellation of physiological variables which would reveal individual differences predictive of the stress response. This dimension of individual differences would be recognized as a factor relating to sympathetic activity and muscular tension. Furthermore, in view of the expected mildness of the anticipation stimulus there should be little or no indication of adrenal involvement. In such a dimension we would expect the subjects' reactions to be distributed in a more or less normal manner with individuals reacting at one extreme showing evidence of strong sympathetic and muscular activation and the converse for those reacting at the other extreme. Additionally, these variables should change only as a function of the anticipation; accordingly, increases in the pertinent variables should not reflect merely diurnal variation or other systematic sympathetic activation, hypertension, or the like: The subjects who later showed large anticipation effects should not have elevated responses on the night preceding the experiment.
Results
The constellation of variables relating to the pertinent anticipation-indices was found in Factor VI ( Table 1 ). The pulse rates before, during, and after the stress, the time at altitude (i.e., the 10-min. period) in which the maximum pulse rate occurred, oral temperature, blood pressure, norepinephrine and epi- 'Presented to sliow that these variables arc very low on this factor. nephrine excretion rates, and the number of errors made on the psychometric tasks had positive factor loadings. On the negative pole were test performances and urinary phosphate levels. The factor loadings of the urinary and blood 17-hydroxycorticosteroid levels and of salivary flow rates were low.
Factor scores summarizing the contribution an individual makes to the linear component of variance 31 represented by the factor will be used for the special purpose explained below. The correlation coefficient of any variable with these orthogonal factor scores is the factor loading of that variable on that factor. The factor score can be interpreted as standard (z) scores, representing the distance in standard deviation units of each subject from the mean value of the factor. These two facts permit the plotting of scatter diagrams of factor scores with any given variable. To illustrate, in had a factor score of -2.00 and an anticipatory pulse rate of 48, i.e., he was two standard deviations below the mean on this factor and it was reflected in his low pulse rate. The high correlation of .76 (i.e., the factor loading of the anticipatory pulse rates) between these two sets of scores is evident from the slope of the scatter diagram. To facilitate the ensuing analysis the subjects were ranked on the basis of decreasing factor scores, and then divided into 5 groups (each corresponding to 20% of a normal distribution).* Thus, the high positive groups (H-[-) comprised those subjects having factor scores of -J-.80 and above; the positive group ( + )> those with factor scores between +.79 and -| -. 26; the mean group ( ± ) , between -J-.25 and -.25; the negative group (-), between -.26 and -.79, and the low negative (--), below -.80. These pulse rates are plotted by the vertical lines in Fig. 2 , where the abscissa is the factor score rank. If the factor score distribution had been exactly normal, each group would have contained 20% of the subjects, but since it was not quite the case, the group size varied slightly (e.g., 31 subjects had factor scores above -J-.26 and 35 subjects below -.26). These 5 group means for the anticipatory pulse rates presented in Fig. 1 and 2 are shown in Fig. 3 as the prestress rate, to illustrate this technique of presentation. Since we are more concerned here with the linearity and slopes of the resulting curves (the average relationships of which are summarized by the factor loading) than *As is apparent from the figure, we could luive ranked the subjects solely on the basis of their prestress pulse rates. Factor analytic procedures are much more effective, however, because then every variable participates in the determination of each linear component of variance (i.e., of each factor). This figure also demonstrates the important medical significance of treating the data in this fashion, for it is possible to examine each individual's response rather than losing him in the hypothetical "average" man's response.
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with the question of whether one of the groups so constituted differs significantly from another, typical group-comparison statistics are not shown.
The most important fact emerging from the study is that the subjects maintained their rank-order positions throughout the stress (Fig. 3) . The stressor was much more severe than the anticipatory stimulus, and the pulse rates increased promptly in all subjects. The negative FIG. 2. Anticipatory pulse rates plotted against factor score ranks, and dividing points for grouping of subjects into 5 groups. Subjects were simply ranked on basis of factor scores (i.e., interval between subjects is equal). groups, however, increased almost twice as much as did the positive in the first 10 min. (Fig. 4 ). An hour after the stress, the high positive subjects' pulse rates had fallen considerably below their prestress level, while those of the low negative group had not quite returned to their earlier level. Thus, there were consistent and stable group differences, with respect to pulse rates, that were maintained during anticipation, stress, and recovery. Relative to the entire group, the anticipatory oral temperatures and blood pressures for the positive factor score groups were considerably above those of the mean and negative groups (Fig. 5) . Actually the sympathetic activity was so low in the latter groups as to be considered subnormal clinically. The anticipatory norepinephrine curve followed the anticipatory pulse rate curve faithfully in each factor score group (compare Fig. 6 and Fig. 3 ). These observations on pulse rates, norepinephrine, oral temperatures, and blood pressures show conclusively that immediately before the stress the subjects who had positive factor scores had greater sympathetic activity than did those with negative scores.
Was this rank-order of the subjects relative to these indices of sympathetic activity also the case with the indices of adrenal activation? Figure 7 shows that there was adrenomedullary activation in the extreme positive group, viz., an increased epinephrine excretion. In addition to epinephrine, the adrenal medulla produces some norepinephrine beyond that produced in the peripheral synapses. 6 - 39 As expected, the high positive group showed this elevation as well as that seen with epinephrine (Fig. 6) . The slight sodium retention as evidenced by the Na/K ratio and the very slightly 
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elevated excretion of 17-hydroxycorticosteroids may indicate that some adrenocortical activation also occurred in this extreme group. However, the blood 17-hydroxycorticosteroid levels did not vary significantly among the 5 groups.
Thus, the linear arrangement of subjects seen just before the stress relative to pulse rates and norepinephrine did not extend to indices of adrenal activity. Performance on the aiming test is shown in Fig. 8 degree of muscular and nervous tension in the subjects. The positive subjects had lower eye-hand motor coordination (i.e., aiming) just before the stress as evidenced by both performance (number right) and number of errors. This difference also carried over into the stress period, although the positive group suffered a proportionately greater decrement in performance during stress than did the negative group. Similar results were obtained with the other six performance tasks used.
Another suggestive bit of evidence possibly relating to the experiential aspects of stress and its anticipation may be seen in Fig. 3 . After the stress, the positive subjects had considerably greater decreases in their pulse rates than did the negative subjects. Such might be interpreted as being due, at least partially, to the fact that the positive subjects were more concerned before the stress, and accordingly, were more relieved when it was over than were their less "anxious" counterparts. This interpretation is supported by the large decrease in errors made by the positive group on the aiming test during the stress period as compared with those made during the anticipatory period.
During the anticipatory period the subjects were distributed along a scale of sympathetic activation, and in the subjects with high positive factor scores the activation was so high that it appeared to be merging into the stress response including full adrenal involvement. In the stress period all subjects moved higher on the "stress dimension," although the positive factor score subjects increased less than the negative ones. An important question is whether this distribution of sympathetic activity was present before the stressor became imminent, e.g., were the high positive subjects simply those having persistent hypertension or high anxiety-trait levels? Unfortunately, pulse rates were not determined on the night before the stress, but the strong positive correlation of norepinephrine levels with pulse rates in both the anticipatory and stress periods permits us to infer from the overnight data (obtained on the night before the experiment) shown in Fig. 6 , that at that time the pertinent variables were distributed essentially at random with respect to the factor score distribution of Factor VI. Thus, the subjects became distributed into these groups only when the stressor became imminent, suggesting that the individual differences represented by this factor were due to the relative physiological lability of the subjects. 20 The crucial question is whether there are qualitative differences between the anticipatory sympathetic activation and that of the actual stress. If the latter is simply quantitatively greater than the former, we would expect the subjects to maintain their anticipatory rank-order position on the variables relating to the generalized alarm reaction. That they do so is evident from their pulse rates (Fig. 3) , their norepinephrine values (Fig. 6) , most of their adrenal variables (Fig. 7) , and their performance measures (Fig.  8) . This effect is not slight-the high positive group had higher anticipatory pulse rates than did the low negative group during the stress, and they performed more poorly before the stress than did their negative counterparts during the stress, etc.
Discussion
Subjects exposed to reduced barometric pressure exhibit a number of compensatory changes in addition to the nonspecific alarm reaction (i.e., sympathetic and adrenal activation). These include cardiovascular (e.g., tachycardia and increased heart stroke volume) and respiratory (e.g., hypercapnia) changes. Continued exposure leads to diuresis and respiratory alkalosis as evidenced by increased excretion of bicarbonate (displacing phosphate) and of the cations necessary to neutralize it. An increased urinary pH results. There may be evidence of anaerobic metabolism and metabolic acidosis (e.g., in the elevated creatine excretion), and there is decreased visual acuity and performance on assorted tasks. (For discussion of these effects, see Stickney and Van Liere, 3T andWeihe. 40 ) The altitude and exposure time used in this study were sufficiently severe to ensure augmentation in total response regardless of the contribution of concomitant emotions during the stress. The pertinent question is whether the anticipatory (i.e., anxious) subjects differed from the calm ones in these responses. This comparison is presented in Table 2 . It is obvious that the response pattern is different in the two extreme groups. The high positive group appeared to have greater stress, and the low negative group less, which is in line with their respective prestress anticipatory VOL. XXVIII, NO. 6. 1946 levels. Thus, the high positive groups showed greater decrements on task performance, slower rise to maximum heart rate, lesser adrenal response, and greater respiratory alkalosis than did the low negative group. However, this level was simply a higher one on the same response dimension. We may conclude, therefore, that the high positive subjects' lability and anxiety about the stressor simply raised their physiological activation to higher levels than suitable for a rapidly compensating stress response.
Although our attention has been centered mainly upon the subjects of the positive pole of the factor dimension, the responses of the subjects on the negative pole are also pertinent. We may ask with equal relevance how appropriate as preparation for stress was the anticipation state of these negative subjects. Generally, the answer would be that it apparently was appropriate, for they performed better on all tasks and made fewer errors (Fig. 8) , and they achieved an earlier maximum heart rate ( Table 2 ). Other responses, however, are indicative of poor compensation to the stressor, e.g., lowered oral temperature, marked diuresis, and evidence of greater metabolic acidosis. Subjects with intermediate values on this dimension made more adequate compensations to the stressor than did those at either extreme. Such suggests that subjects who had moderate or average factor scores perceived and evaluated the effects of the stress realistically, and that their resulting physiological responses were more appropriate as preparation for the stress than were those of subjects with either high or low factor scores. In line with this, 21 subjects suffered marked distress (e.g., fainting, vomiting, diarrhea, severe headache) during the experiment. All but 3 of them had lower than average systolic blood pressures, and their pulse rates oscillated erratically from measurement to measurement. Eleven of these subjects could not complete the exposure, and these 11 included the 3 who had a syncope reaction during the venipuncture. With one exception (a syncope subject), all 11 had either high (5 subjects, x = 88) or low x = 68; suggesting a vasovagal rebound) anticipatory pulse rates. Of the 10 who became ill but did not leave the study, 8 had high (x = 85) and the other 2 low (x = 69) anticipatory pulse rates. This finding is analogous to that of Titchener and Levine 38 for surgical patients. Patients who had mild preoperative anxiety recovered from surgery better than did those who had very little anxiety. Apparently, the latter were not prepared for how really bad the effects of surgery would actually be and were shocked by it, while the former were quite realistic in their expectations, which affected their convalescence. This finding is also in line with Janis' general conclusions.'' J The results of the present experiment support the view that there is a single physiological dimension involved in the response to both a stressor and the anticipation of a stressor. At the lower relative levels of activation seen during anticipation, activity of the sympathetic nervous system dominated the pattern. Some subjects in the upper extreme range even had an alarm reaction in which activity of the adrenal medulla and the adrenal cortex was increased. The stressor induced stress response (i.e.,
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alarm reaction) in all subjects, but the rank-order positions that the subjects had had during anticipation were maintained, indicating that their responses simply increased in magnitude. This rank-order did not exist on the night before the experiment, but rather occurred during the anticipation.
Had we reduced the barometric pressure in small steps, we probably would have obtained corresponding, though nonlinear, degrees of variability of response, from minimal sympathetic activation at small reductions in barometric pressure (and perhaps no measurable increase in the less labile subjects) through levels which at some barometric pressure would have resulted in adrenal medullary involvement for all subjects. Further reduction would have induced a full stress response even in the least labile subjects. Since this dimension is one of individual differences, the level at which this point is reached is different for different individuals.
Another group of stimuli might fall into the class of perceptual variables. A set of antecedent conditions, from the subjects perception of the stimulus pattern and interpretation of its significance (see Ittleson 18 ) would result in an evaluative response, this response serving as the stimulus for the response on the physiological dimension. Although we did not evaluate these intensity differences in personal significances, they could be evaluated with methods employed in the study of perception. In this experiment, had we varied the prestress experimental conditions, e.g., by de-emphasizing the description of the discomfort the subjects would feel, or on the other hand, by describing the upcoming stress condition as dangerous, we no doubt could have varied the magnitude of the anticipatory physiological response from minimal to a full-blown stress response, at least in the more labile VOL XXVIII, NO. 6, 1966 (i.e., high positive) subjects, purely as a I unction of the evaluative response.
Many varieties of anxiety have been suggested on logical grounds, and hundreds of measures have been purported to relate to anxiety. Yet, when Cattell and Scheier 4 examined many dozens of these measures in the same subjects, they found only two dimensions or pools of common variance-one they called "anxiety" and the other "effort stress." They were unable to discern among the response patterns a single one of the cherished subtypes of anxiety (e.g., ego, harm, free-floating, etc.), and at the low stimulus intensities they used there was no separate fear dimension. This finding is compatible with our observations also. 22 - 24 Their demonstration of separate individual differences on each of these two dimensions leads to the suggestion that what has typically been called anxiety also is only a segment of an experiential, awareness-evaluative dimension representing various levels of CNS activation, starting with a state that might be identified with unawareness and proceeding through various stages of alerting, anticipation, concern, anxiety, and finally panic that is essentially perceptual-cognitive in nature. Distinct from this dimension would be the physiological dimension representing various levels of motor, ANS, and endocrine activation.
Summary
Young, volunteer Air Force selectees were exposed to reduced barometric pressure equivalent to that of 15,000-ft. altitude. The prestress situation was designed to enhance anxiety (but to allay fear) about the stress just prior to exposure. Measurements were made on the night before, immediately before, during, and after the test. The data from the anticipatory period immediately be-fore the test were compared with those of the stress period. Pulse rates (and to a lesser extent, oral temperatures and blood pressures) and norepinephrine levels were parallel in unstressed but anticipatory subjects. Epinephrine levels were elevated only in the subjects having the highest pulse rates. Blood and urinary levels of 17-hydroxycorticosteroids were distributed randomly with respect to pulse rates. The level of sympathetic nervous system activity related negatively to performance on a psychometric test battery. That these tendencies or traits were not persistent was shown by the fact that the subjects were distributed randomly relative to those variables measured on the preceding night, and the correlation between those variables occurred only when the threat of the stressor became imminent.
These effects of anticipation carried over into the stress, and the subjects who had high anticipatory values developed even higher pulse rates, and made more errors and lower scores on the psychometric tests than did the low negative subjects. The general aspects of the responses were distinguishable only in degree, i.e., the physiological activation of anticipation was only quantitatively different from that of stress. Specific indices of the altitude stress appeared in all subjects, but those who had had very high or very low anticipatory values had inappropriate, inadequate, or extravagant responses.
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